


combination of CO exposure and high altitude. Additional studie~ are needed, therefore, in

order ~ determine the susceptibility of this group to CO exposure.

Individuals with hemolytic anemia often have higher baseline levels of COHb l?ecause

the rate of ~ndogenousCO production from heme· catabolism is increased. One of the many

causes of anemia is the presence of abnormal Hb in the blood. For example, in sickle-cell

disease, the average lifespan of red blood cells with abnormal hymoglobin S (Hb S) is

12 days compared to an average of 88 days in healthy individuals with normal Hb (a.b .A).

As a result, baseline COHb levels can be as high as 4% (Solanki. et al., 1988). In subjects

with Hb Zurich, where affinity for CO is 65 times that of normal Hb, COHb levels range

from 4 to 7% (Zinkham et al., 1980).

There are over 350 variants to normal human Hb (Zinkham et al., 1980). In the Hb S

variant, sickling takes place when deoxy Hb S in the red blood cell reaches a critical ~evel

and causes intracellular polymerization. Oxygenation of the Hb S molecules in the polymer,

therefore, should lead to a change in molecular shape, breakup of the polymer, and

unsickling of the cell. Carbon monoxide was considered at one time to be potentially

beneficial because it ultimately would reduce the concentration of deoxy Hb S by converting

part of the Hb to COHb. Exposure to CO, however, was not considered to be an effective

clinical treatment because high COHb levels (> 20%) were required.

Other hematologic disorders can cause elevated concentrations of COHb in theblood.

Ko and Eisenberg (1987) studied a patient with Waldenstrom's Macroglobulinemia. Not on,ly

was the COHb saturation elevated, but the half-life of COHb was about 3 times longer th::m

in a normal individual. Presumably, exogenous exposure to CO, in conjunction with higher

endogenous CO levels, could result in critical levels of COHb. However, because CO also

can modify the characteristics of unstable Hb, as demonstrated in patients with Hb S, it is not

known how ambient or near-ambient levels of CO would affect individuals with these

disorders.

12.3.5 Subjects with Obstructive Lung Disease

Chronic obstructive pulmonary disease (COPD) is a prevalent disease especially among

smokers. It is estimated (U.S. Department of Health and Human Services, 1990; Collins,

1988) that 14 million persons (- 6% of the total population) suffer from COPD in the United
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States and that a large number (>50%) of these individuals have limitations in their exercise

performance demonstrated by' a decrease in O2 saturation during mild to moderate exercise.

In spite of their symptoms, many of them (- 30%) continue to smoke and already may have

COHb levels of 4 to 8%. Subjects with hypoxia are also more likely to have a progression

of the disease resulting in severe pulmonary insufficiency, pulmonary hypertension, and right

heart failure. Studies by Aronow et al. (1977) and Calverley et al. (1981), reviewed in

Section 10.3.2, suggest that individuals with hypoxia due to chronic lung disease' such as

bronchitis and emphysema may be susceptible to CO during submaximal exercise typically

found during normal daily activity.

The prevalence of chronic asthma in the United States is estimated to be as high as

12 million persons or about 5% of the total population (U.S. Department ,of Health and

Human Services, 1990). There has been evidence that hospital admissions for asthma have

increased considerably in the past few years, particularly among individuals less than 18 years

of age. Because asthmatics also can experience exercise-induced airflow limitation, it is

likely that they also would be susceptible to hypoxia. It is not known, however, how

exposure to CO would affect these individuals.

12.4 SUBPOPULATIONS AT RISK FROM COMBINED EXPOSURE TO
CARBON MONOXIDE AND OTHER CHEMICAL SUBSTANCES

12.4.1 Interactions with Psychoactive Drugs

There is almost a complete lack of data on the possible toxic consequences of combined

CO exposure and drug use. The most extensively studied interaction has been combined

exposure to CO and alcohol. The previous criteria document (U.S. Environmental Protection

Agency, 1979) reviewed an extensive human study of alcohol-CO interactions on driving

performance (Rockwell and Weir, 1975). In this study of actual driving behavior, alcohol

and CO effects were often additive, and at 12% COHb concentrations, combined effects were

observed that were greater than the sum of the effects of·CO and alcohol alone. Two animal

studies of alcohol-CO combinations (Mitchell et al., 1978; Knisely et al., 1989) also provide

evidence that the effects of alcohol on behavior can be enhanced by exposure to high

concentrations of CO.
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Thus it seems prudent to tentatively conclude that the behavioral effects of alcohol may

be exacerbated under some conditions ofCO exposure. What is notknownisth~.r~ge of

behavioral effects for which this occurs, the quantitative natur~ of the interaction, the

mechanism of the combined effects, or the minimal CORb. concentrations needed to see an .. ' , .' - , " ;, ..

interaction. Further research on, this clearly i~ needed. This is particularly the case,when

one considers the role of alcohol in our ,society and the likelihoop: of,fr~uent opportl;1nities

for'co~bined alcohol use and CO exposure. ' Some statistics. from the recent report .to

Congress on,alcohol and health illustrate the potential problem Wa.tio:p.al, :Institute on Alcohql

Abuse and Alcoholism, 1987). In 1984, the estimated per capita ~cohol consumption Per,

year jn the United States was 2.65 gal of p~realcoholper person oyer the age of 14. ·The

National Institute on Alcohol Abuse and Alcoholism, estimates, that two.,..thirds o~ the U.S.

population over the age of 18 drink alcohol, and one-half of these are·moder:ate to heavy ,

drinkers. Nearly 50% of all accidental deaths are alcohol related. Even a sIllallintera,ction
•. • i .

of CO exposure with alcohol would be magnified by the high incidence of these

combinations.

Other studies of interactions of CO and drugs have been conducted;. however, not n,early

enough data exist upon which one could draw even tentative conclusions concerning

populations at risk. Some evidence from animal research indicates that CO exposure may

al,ter the effects of pentobarbital, d-amphetamine, and chlorpromazine (McMill~ and Miller,
_ • . ., l .. , •

1974; Knisely et al., 1989). Because these drugs represent diverse classes ofpsychoactive

drugs, and many other classes have not been e.x:amined at all, it must be cl?ncluq.ed that thisis

an area of concern for which it is difficult at the ,present time to make recommendations that

will have an effect on air quality standards. The lack of dat,a on p<;>ssible interac.tions of CQ

exposure and drug use was identified in both the 1979 criteria document and an addendum to

that. document (U.S. Environmental Protection Agency, 1979, 19;84). Little has changed

since then.

12.4.2 Interactions with Cardiovascular Drugs

There,arelimited data currently available to determine if there is a possible interaction

between CO exposure and differentcardiovascular drugs. Dl1lgs used to tr~tpatients with

coronary artery disease, such as beta blockers, calcium-channel blockers, and nitrates, should
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be tested for potential interaction with CO because those patients already are high-risk

subjects. Patients with an~ina that were used as subjects in studies on the effects of CO

exposqre (see Section 10.3) also were treated with these classes of drugs. Unfortunately,

drug interactions were not investigated in most of the studies. Only Allred et al. (1991;

1989a,b) analyzed their data for potential medication effect, and no interactions with CO

were found. The only other available data dealt with the interaction of CO with ,beta blockers

and calcium blockers in smokers. Deanfield et al. (1984) studied 10 smoking patients ~ith

stable angina in a double-bUnd placebo-controlled study. He studied two beta blockers,

atenolol and propranolol, and one calcium blocker, nifedipine. The patients underwent.

exercise tests and Holter monitoring both when they still were smoking and after they had

stopped smoking for one mpnth. The performance and results from Holter monitoring

showed improvement after the patients refrained from smoking. The difference was larges.t

for nifedipine. Blood levels of propranolol were increased when the patients stopped

smoking; levels of nifedipine and atenolol were unchanged. Part of the decreased efficacy of

the drugs while smoking might be due to lower plasma levels and part of it might· be due to

some interaction on a cellular level. However, it currently is not known if the interaction

was due to nicotine and/or CO.

Another of the high risk groups using multiple medications ~e heart-failure patients.

They often use digitalis; diuretics; vasodilators; and recently, inhibitors of angiotensin-.

converting enzyme. If CO exposure modifies the responses to those drugs, the patients,' .

status may deteriorate when the plasma levels of a drug are lower or the patients may develop

side effects when the plasma levels of a drug are higher. Due to the large number of high

risk patients with coronary artery disease and heart failure that use often very potent and

multiple mediations, this area needs to be addressed carefully through further research.

12.4.3 Mechanisms of Carbon Monoxide Interactions· with Drugs:
Need for Further Research

Because data are generally lacking on CO-drug interactions, it should be useful to

speculate on some of the mechanisms by which CO might be expected to alter drug effects,

or vice versa, and discuss possible populations at risk due to these potential interaction

effects.
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12.4.3.1 Metabolic Effects

A mechanism by which CO might be expected to interact with many drugs is through

the modification of drug metabolism. CO is known to bind to cytochrome P-450 in vitro

(Gray, 1982), but the significance of this under physiological conditions is not known.

Another section of this document (see Section 9.4) reviews the interactions of CO with

oxidative metabolism and concludes that clinically relevant inhibition of these systems

probably does not occur under most conditions of exposure. If further research provides

evidence that these important drug-metabolizing systems are significantly compromised as a

result of ambient CO exposure, then drugs dependent upon these systems for alctivation or

deactivation would interact with CO exposures. If changes in drug metabolism occur as a

result of CO exposure, this would be of considerable practical importance. It might be

neCessary to alter prescribing practices in heavily exposed populations. More lresearch on this

is needed.

12.4.3.2. Central Nervous System Depression

In the absence of systematic data on the interactions of CO with psychoactive drugs, it

is necessary to hypothesize mechanisms by which such interactions might occu.r. In the 1984

addendum (U.S. Environmental Protection Agency, 1984), it was speculated that "drugs with

primary or secondary central nervous system (CNS) depressant effects should be expected to

exacerbate the neurobehavioral effects of CO," presumably because of the generally

depressant effects on the nervous system of CO itself. On the other hand, one might also

argue the converse, that CNS-depressant drugs, because they might reduce cerebral

metabolism ,and hence O2 utilization, could lessen the neurobehavioral effects of CO. It

should be obvious that speculation on these matters, in the absence of data, cannot be

expecte<;l to yield answers upon which regulatory decisions could be made. On the other

hand, because of the overall· sensitivity of the CNS to perturbations, it is possible that

interactions of these types could occur and may even be quite pronounced. Clearly, more

research on this is needed because we cannot rely on scientific speculation.
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12.4.3.3 Alteration in Cerebral Blood Flow

Another mechanism by which CO could be speculated to interact with certain drugs' is

through modification of cerebral blood flow. Brain hypoxia resulting from CO exposure may

result in compensatory increases in cerebral blood flow (Doblar etal., 1977). Drugs that

have vasoconstrictive effeCts on cerebral circulation could be hypothesized to interfere with

this compensatory mechanism and thus exacerbate the neurobehavioral toxicity·of CO. The

methylxanthines, such as caffeine and theophylline, have well-established central

vasoconstrictive effects (Rall, 1980) and thus could be hypothesized to enhance CO-induced

brain hypoxia. On the other hand, their vasodilatory effects in the periphery (Rall, 1980)

might enhance the vasodilatory effects of CO. Because of the widespread use of

methylxanthines, these possible'interactions may be of particular significance.

As the 02-carrying capacity of the 'blood decreases with CO poisoning, many organs,

including the brain, will compensate their blood flow to try and'maintain proper tissue

oxygenation. Several studies using radiolabeled microspheres to measure cerebral blood flow

have demonstrated autoregulation and increased blood flow in response to CO (Koehler et al., '

1982). However, if the brain O2 supply is inadequatedespite increased blood flow, further

metabolic changes will undoubtedly occur. The consequences of these metabolic changes

with respect to their effect on the regulation of brain blood flow is "uncertain. More simply,

damage resulting from lack of proper brain oxygenation may'alter the brain vasculature's

ability to regulate brain blood flow. Damage to the vasculature previously has been shown to

alter the vasculature's response to vasoactive agents. For example, it is known that foilowirtg

ischemia-induced injury and other types of brain injury; the brainre1eases polyunsaturated

fatty acids from its phospholipids (Gardiner etal., 1981). These free fatty acids may be'

metabolized enzymatically to compounds such as prostaglandins and leuko'trienes with effects

on the cerebral vasculature. For example, the metabolism of arachidonic acid generates

prostaglandins and O2 free radicals that can cause cerebral vasodilation in normal animals.

However, when these radiCals are produced 'in excess, as in acute, extremehypertensive

episodes, the free radicals initiate peroxidation of other unsaturated fatty acids (Kukreja et 31.,

1986). These peroxides and 02 radicals cause damage to the vascular endothelium and

decrease the brain's capacity to regulate blood flow in response to changes in arterial carbon

dioxide 0Nei et al., 1981). Additionally, the vascular damage caused by these 02 radicals
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alters the normal cerebral arterial response to vasoactive agents, including neurotransmitters.

For example, acetylcholine, which is normally a dilator of cerebral arterioles, produces

vasoconstriction after free radical-induced damage (Wei etal., 1985). Potentially, therefore,

in an injured brain, acetylcholine may decrease an already inadequate blood flow.

Conceptually, tissue hypoxia produced by CO may stimulate arachidonic acip.

metabolism and production of prostaglandins and free radicals in a manner similar to hypoxia

caused by ischemia or· trauma. Production of vasodilator free radicals or vasodilator

prostaglandins may be a mechanism by which the brain increases its blood flow in response

to CO. ·Assuming this is the case, therapeutic agents or drugs of abuse that modify the

arachidonic acid cascade may alter the brain's capacity to increase blood flow in response to

CO. For example, if aspirin, indomethacin, or other cyclooxygenase inhibitors are present

during exposure to CO, the brain's capacity to increase its flow may be dimi1)ished due to

decreased capacity to form dilator prostanoids and free radicals. An instance where this sort

of possibility is known to occur is in neonatal animals, and possibly in n~natal humans.

Investigators recently have shown in neonatal animals that indomethacin markedly diminished

the brain's capacity to increase its blood flow in response to hypoxia (Leffler and Busija,

1987).

A possible interaction between CO and nitrite exposure also might be predicted.

Nitrites can, be expected to oxidize Hb to methemoglobin, leaving less Hb to bind either to

O2 or CO. However, because CO has a greater affinity than O2 for Hb, it is most likely to

expect additive effects in reduction of 02Hb. In addition, some organic nitrite:s such as amyl

nitrite, used to relieve angina pain, and butyl nitrite, an abused substance, produce significant

peripheral vasodilation and, consequently, an abrupt drop in blood pressure and subsequent

tachycardia. These potent cardiovascular effects, which also result from CO exposure, might

interfere with the enhanced cardiac output, particularly the output to sensitive organs such as

the brain. To date, there are no published data on the combined effect of CO and nitrite

exposure. However, there are limited data showing reasonably parallel consequences on

auditory function when. CO and butyl nitrite are given individually to .rats (Fechter et al.,

1987, 1989).

Additionally, recent evidence shows that acetylcholine stimulates arachidonic acid

metabolism (Busija et al., 1988). Whether or not hypoxia increases arachidonic acid
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metabolism via stimulation of acetylcholine release is uncertain; however, exogenous

acetylcholine is known to stimulate brain prostaglandin production. Assuming that

endogenous acetylcholine release in response to CO-induced hypoxia is important, other

agents such as atropine or scopolamine, which block muscarinic receptors, could reduce the

vasodilator response to CO. In an opposite manner, cholinesterase inhibitors (e.g.,

organophosphate or carbamate insecticides) that penetrate the blood-brain barriers may

magnify the dilator response to CO. Other agents that may modify the capacity of the braln's

blood flow to regulate in response to CO are agents that cause an acute, large increase in

blood pressure, thus inducing excess free radical production, lipid peroxidation, and abilOrmat .

vascular reactivity. Such an agent might include for example, cocaine, which when

administered in large doses causes acute transient hypertension.

Although the above points are speculative, the possibility that 'therapeutic agents and '

drugs of abuse may alter the brain vasculature's capacity to respond to CO is a subject that'

bears further consideration and investigation.

12.4.4 Interactions with Other ChemIcal Substances in the Environment

Besides direct ambient exposure to CO, there are other chemical s~bstances in th~

environment that can lead to increased COHb saturation when inhaled. Halogenated

hydrocarbons used as organic solvents undergo metabolic breakdown by cytochrome P-450 to
. ,"",:; ; . ~':', .

form CO and inorganic halide. Possibly the greatest concern regarding potential risk in tp.~

population comes from exposure to one of these halogenated hydrocarbons, methylene
'PI

chloride (CH2Clz), and some of its derivatives. Almost a million kilograms are produced "

each year, making it the second highest source of CO in the environment. Although it is .

present in ambient air emissions, the highest concentrations of CH2Cl2 occur from various
,,;f, '.,'

sources such as paint removers, cleaners, propellants, and from industrial manufacturing

(see r'" ~. Environmental Protection Agency, 1987; 1985a,b).

From available experimental studies (see Section 11.3), it is not clear if combined

exposure to CO and CH2Cl2 would produce an additive effect in humans. Theoretically,

acute CH2Cl2 exposure can result in a steady production of endogenous CO in tissues that

contain cytochrome P-450, such as the lung, liver, kidney, heart, and brain..Anyhistotox~c, "

hypoxia produced at the tissue level combined with hypoxic hypoxia due to the formation of
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COHb from endogenous. as well as exogenous CO exposure could pla~e exposed individuals

at risk.

12.5 SUBPOPULATIONS EXPOSED TO CARBON MONOXIOE AT .
ffiGH ALTITUDES

For patients with coronary artery disease, restricted coronary blood flow limits

02 delivery to the myocardium. Carbon monoxide also has the potential for compromising
....;'.

02 ,transport to the heart. For this. reason, such patients have been identified as the

subpopulation most sensitive to the effects of CO. A reduction in the partial pressure of.

oxygen (POi) in the atmosphere, as at high altitude, also has the potential for compromising

02 transport. Therefore, patients with coronary artery disease who visit higher ele,:,ations

might be unusually sensitive to the added effects of atmospheric CO.

Before considering the combined effects of CO and atmospher:i:c hypoxia, it is important

to distinguish between the long-term resident of high altitude, as compared with the newly

arrived visitor from low altitude. Specifically, the visitor will be more hypoxemic than the

fully adapted resident for the following reasons. Initially, the visitor will exhibit relative

hypoventilation, particularly during sleep, because ventilatory adaptation requires several

days. The result will be a lowering of arterial P02, a fall in arterial 02 saturation, and a

reduction in arterial 02 content. This hypoxemia will stimulate the sympathetic nervous

system' to increase heart rate, myocardial contractility, and systemic arterial blood pressure

(Grover et al., 1986). These factors combine to increase cardiac'work, calling for an

increase in coronary blood flow. In addition, the initial increase in ventilation will produce a

respiratory' alkalosis that, in turn, will increase the affinity of Hb for 02 and' thereby interfere

with 02 release to the tissues.

Over several days following arrival at high altitude, a number of mechanisms will

operate to lessen the initial impact of atmospheric hypoxia. Ventilation will inl~rease

progressively, and this will elevate arterial 02 tension, saturation, and content. A decrease in

plasma volume increases hematocrit (hemoconcentration), with an associated increase in the

02-carrying capacity (Hb concentration) of the blood; at this point, the polycythemia is only

relative'not absolute. Nevertheless, this will increase further the arterial 02 content.
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Although increased sympathetic activity persists, cardiac beta-receptor responsiveness

decreases, mitigating the initial tachycardia. This combined with a decreased in cardiac

stroke volume leads to a return of cardiac output to normal (or even subnormal) levels

(Grover et al., 1986). Compensation for the initial respiratqry alkalosis returns blood pH

towards normal. Concurrently, there is an increase in the concentration of

2,3-diphosphoglycerate within the red cells, the net effect being not only a return of Hb-Oz
affinity to normal, but actually to levels lower than prior to ascent. This facilitates the

release of 0z to the tissues, an effect that more than offsets the slight decrease in arterial

O2 saturation. For the heart, this is particularly important, for it removes the demands for

increased coronary blood flow at moderate altitude (Grover et al., 1976).

For the long-term resident at high altitude, systemic blood pressure returns to

(or below) values normal for sea level (Marticorena et al., 1969). Cardiac output remains at

(or below) levels normal for sea level (Hartley et al., 1967). Tissue capillary density

increases, thereby enhancing 0z delivery. Consequently, demands on the coronary

circulation are not increased. An absolute polycythemia develops (i.e., total red celll11ass

plateaus at levels greater than at sea level). As a consequence, the normal turnover of this

greater mass of red cells results in an increase in the endogenous production of CO (Johnson, .

1968).

Based on these considerations, the population subgroup at greatest risk from CO

exposure would be the newly arrived transient visitors to high altitudes. By binding Hb,·'CO

would further reduce arterial 0z content (i.e., increase hypoxemia). In addition, CO would

augment the effect of alkalosis by further increasing the affinity of Hb for 0z, thereby

impairing 0z delivery even more. Both factors would increase demands for greater coronary

blood flow. These initial risks would decline progressively if the visitor remains long enough

to complete physiological adaptation. The period of increased risk is probably prolonged in

the elderly because adaptation to high altitude proceeds more slowly with increasing age (Dill

et al., 1963, 1985; Robinson et al., 1973).

Not surprisingly, the total number of transient visitors to high altitude far exceeds the

resident population. Ironically, it is these same transient visitors who contribute most to

atmospheric CO pollution in the mountains (e.g., automobile engines not tuned to high

altitude or inefficient wood-burning fireplaces used for social effect in vacation cabins). In

12-16



addition, newly arrived visitors are often unaware of the physiological effects of high altitude

(plus CO), and hence are prone to overexertion, which would increase the potelltialhazard.

For a variety of reasons, COHb concentrations tend to be higher in high-altitude residents

than seen at low altitude (Johnson, 1968).

One would postulate that the combination of high altitude with CO would pose the

greatest risk to persons newly arrived at high altitude who have und~r1ying cardiovascular

disease, particularly because they are l!sually older individuals. Surprisingly, this hypothesis

has never been tested adequately. In fact, there are virtually no data on how patients with, .

known or suspected coronary artery disease respond to a sojourn at moderately high altitude

(8,000 to 12,000 ft or higher) with or without added CO exposure. In two pilot studies, the

risk from altitud<;f alone at least appears to be minimal (Okin, 1970; Khanna et al., 1976)..

Among 148,000 persons (10% over 50 years of age) trekking in Nepal to altitudes up to

18,000 ft, there were no cardiac deaths and only three helicopter evacuations for cardiac

problems (Shlim and Houston, 1989). Nevertheless, the need remains for a rigorous testof
;

the hypothesis. ,

If the cardiovascular effects of atmospheric hypoxia at high altitude are augmented by

added exposure to CO, then patients already hypoxic from chronic obstructive lung disease

should also be at increased risk from CO at altitude. Paradoxically, this does not appear to

be true, again ,at least for brief exposure to ,altitude alone, even though hypoxemia is

exagg~rated (Graham and Houston, 1978; Schwartz et al., 1984). Thismay reflect the

decrease in air density at high altitude, which reduces both the work of breathing (Thoden

et al., 1969) as well as the effective degree of airway obstruction in such patients (Kryger

et al.,1978).

, ,. Although limited observations do not indicate an increased risk from exposure to

moderate altitude (without added CO) for patients with either cardiovascular or obstructive

airway disease, this does not imply that prolonged residence at altitude is well tolerated.

Individuals with these disorders, although successfully living at higher altitudes initially, tend

to leave these altitudes as they reach older age. Outward migration of older individuals with

these disorders has been desqibed for the higher elevations in the state of Colorado.

(Regensteiner and Moore, 1985). These elderly residents living at altitudes above 8,000 ft
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left primarily due to poor health. Heart disease and lung disease (each 41 %) accounted for

the majority of reasons for leaving their high-altitude homes.

It is lmown that low birth weights occur in both infants born at altitudes above 6,000 ft

as well as infants born near sea level whose mothers had elevated COHb levels due to

cigarette smoking (see Section 11.1). It has also been shown that COHb levels in smokers at

. high altitude are higher than in smokers at sea level (Brewer et al., 1970). Although it is

probable that the combination of hypoxic hypoxia and hypoxia resulting from ambient

exposure to CO could further reduce birth weight at high altitude and possibly modify future

development, no data are presently available to support this hypothesis. A study conducted in

Colorado (Alderman et al., 1987) failed to fmd a strong relationship between risk of low'

birth weight and maternal exposure to neighborhood CO estimated from stationary monitors.

The combination, however, of maternal smoking and 6,000 ft altitude did result in lower

birth weights than those due to altitude alone.

12-18



REFERENCES

Alderman, B. W.; Baron, A. E.; Savitz, D. A. (1987) Maternal exposure to neighborhood carbon monoxide and
risk of low infant birth weight. Public Health Rep. 102: 410-414.

Allred, E. N.; Bleecker, E. R.; Chaitman, B. R.; Dahms, T. E.; Gottlieb, S. 0.; Hackney, J. D.; Pagano, M.;
Selvester, R. H.; Walden, S. M.; Warren, J. (1989a) Short-term effects of carbon monoxide exposure on
the exercise performance of subjects with coronary artery disease. N. Eng!. J. Med. 321: 1426-1432.

Allred, E. N.; Bleecker, E. R.; Chaitman, B. R.; Dahms, T. E.; Gottlieb, S. 0.; Hackney, J. D.; Hayes, D.;
Pagano, M.; Selvester, R. H.;. Walden, S. M.; Warren, J. (1989b) Acute effects of carbon monoxide
exposure on individuals with coronary artery disease. Cambridge, MA: Health Effects Institute; research
report no. 25.

Allred, E. N.; Bleecker, E. R.; Chaitman, B. R.; Dahms, T. E.; Gottlieb, S. 0.; Hackney, J. D.; Pagano, M.;
Selvester, R. H.; Walden, S. M.; Warren, J. (1991) Effects of carbon monoxide on myocardial ischemia.
Environ. Health Perspect. 91: 89-132. .

American Heart Association. (1989) 1990 heart and stroke facts. Dallas, TX: American Heart Association.

Aronow, W. S.; Stemmer, E. A.; Isbell, M. W. (1974) Effect of carbon monoxide exposure on. intermittent
claudication. Circulation 49: 415-417.

Aronow, W. S.; Ferlinz, J.; Glauser, F. (1977) Effect of carbon monoxide on exercise performance in chronic
obstructive pulmonary disease. Am. J. Med. 63: 904-908. .

Astrand, P.-O.; Rodahl, K. (1986) Textbook of work physiology: physiological bases of exercise. 3rd ed.
New York, NY: McGraw-Hill Book Comp~y.

Brewer, G. J.; Eaton, J. W.; Weil, J. V.; Grover, R. F. (1970)Studies of red cell glycolysis and interactions
with carbon monoxide, smoking, and altitude. In: Brewer, G. J., ed. Red cell metaboli:sm and function:
proceedings of the first international conference on red cell metabolism and function; October 1969;
Ann Arbor, MI. New York, NY: Plenum Press; pp. 95-114. (Advances in experimental medicine and
biology: v. 6).

Brody, J. A.; Brock, D. B.; Williams, T. F. (1987) Trends in the health of the elderly population. Annu. Rev.
Public Health 8: 211-234.

Busija, D. W.; Wagerle, L. C.; Pourcyrous, M.; Leffler, C. W. (1988) Acetylcholine dramatkally increases
prostanoid synthesis in piglet parietal cortex. Brain Res. 439: 122-126.

Calverley, P. M. A.; Leggett, R. J. E.; Flenley, D. C. (1981) Carbon monoxide and exercise tolerance in
chronic bronchitis and emphysema. Br. Med. J. 283: 878-880.

Cohn, P. F. (1988) Detection and prognosis of the asymptomatic patient with silent myocardial ischemia. Am.
J. Cardio!' 61: 4B-6B.

Collins, J. G. (1988) Prevalence of selected chronic conditions, United States, 1983-85. Hyattsville, MD: U.S.
Department of Health and Human Services, National Center for Health Statistics; DHHS publication no.
(PHS) 88-1250. (Advance data from vital and health statistics no. 155).

Deanfield, J.; Wright, C.; Krikler, S.; Ribeiro, P.; Fox, K. (1984) Cigarette smoking and the treatment of
angina with propranolol, atenolol, and nifedipine. N. Engl. J. Med. 310:951-954.

12-19



Dill, D. B.; Robinson, S.; Balke, B. (1963) Respiratory responses to exercise as related to age. In: Cunningham,
D. J. C.; Lloyd, B. B., eds. The regulation of human respiration. Oxford, United Kingdom: Blackwell
Scientific Publications; Pl'. 453-460.

Dill, D. B.; Alexander, W. C.; Myhre, L. G.; Whinnery, J. E.; Tucker, D. M.(1985) Aerobic capacity of D.B.
Dill, 1928-1984. Fed. Proc. 44: 1013.

Doblar, D. D.; Santiago, T. V.; Edelman, N. H. (1977) Correlation between ventilatory and cerebrovascular
responses to inhalation of CO. J. AppI. PhysioI.: Respir. Environ. Exercise PhysioI. 43: 455-462.

, ,

Epstein, S. E.; Quyyumi, A. A.; Bonow, R.O. (1988) Myocardial ischemia - silent or symptomatic. N. EngI.
J. Med. 318: 1038-1043.

Epstein, S. E.; Quyyumi, A. A.; Bonow, R O. (1989) Sudden cardiac death without warning: possible
mechanisms and implications for screening asymptomatic populations. N. EngI. J. Med. 321: 320-324.

Erikssen, J.; Thaulow, E. (1984) Follow;.up of patients with asymptoniaticmyocardial ischemia.
In: Rutishauser, W.; Roskamm., H., eds. Silent myocardial ischemia. Berlin, Federal Republic of
Germany: Springer-Verlag; Pl'. 156-164.

Fechter, L. D.; Thome, P. ,R.; Nuttall, A. .L. (1987) Effecls of carbon monoxide on cochlear electrophysiology
and blood flow. Hear. Res. 27: 37-45. .

Fechter, L. D.; Richard, C. L.; Mungekar, M.; Gomez, J.; Strathern, D. (1989) Disruption of auditory function
by acute administration Qf a "room Qdorizer" containing butyl nitrite in rats. Fundam.. AppI. .ToxicoI.
12: 56-61.

Gardiner, M.;Nilsson, B.; Rehncrona, S.; Siesjo, B. K. (1981) Free fatty acids in the rat brain in moderate and
severe hypoxia. J. Neurochem. 36: 1500-1505.

Graham, W. G. B.; Houston, C. S. (1978) Short-term adaptation to moderate altitude: patients with chronic:
obstructive pulmonary disease. JAMA J. Am. Med. Assoc. 240: 1491-1494.

Gray, R. D. (1982) Kinetics and mechanism ofcarbon monoxide binding to purified liver microsomal
cytochrome P-450 isozymes. J. BioI. Chem. 257: 1086-1092.

Grover, R. F.; LUfschan9wski, R; Alexander, J. K. (1976) Alterations in the coronary circulation orman
following ascent to 3,100 m altitude. J. AppI. PhysioI. 41: 832-838.

Grover, R. F.; WeH, J. V.; Reeves, J. T. (1986) Cardiovascular adaptation to exercise at high altitude. Exercise
Sport Sci. Rev. 14: 269-302.

Hartley, L. H.; Alexander, J. K.; Modelski, M.; Grover, R F. (1967) Subnormal cardiac output at rest and
during exercise in residents at 3,100 m altitude. J. AppI. Physio!. 23: 839-848.

Ignarro, L. J.; Byrns, R E.; Buga, G. M.; Wood, K. S. (19.87) Endothelium-derived relaxing factor from'
pulmonary artery and vein possesses pharmacologic and chemical properties identical to those of mtric
oxide radical. Circ. Res. 61: 866-879.

Johnson, R. L., Jr. (1968) Rate of red cell and hemoglobin destruction after descent from high altitude. 'Brooks
Air Force Base, TX: U.S. Air Force School of Aerospace Medicine; contract no. AF 41609-68-C-0032.

Kannel, W. B.; Abbott, R. D. (1984) Incidence and prognosis of unrecognized myocardial infarction: an update
on the Framingham study. N. Eng!. J. Med. 311: 1144-1147.

12-20



Khanna, P. K.;Dham, S. K.;Hoon, R. S. (1976) Exercise in an hypoxic environment as a screening test for
ischaemic heart disease. Aviat. Space Environ. Med.47: 1114-1117.

Knisely, J. S.; Rees, D. C.; Balster, R. L. (1989) Effects of carbon monoxide in combination with behaviorally
active drugs on fixed-ratio performance in the mouse. Neurotoxicol. Teratol. 11: 447-4S2. .

Ko, B. H.; Eisenberg, R. S. (1987) Prolonged carboxyhemoglobin clearance in a patient with Waldenstrom's
macroglobulinemia. Am. J. Emerg. Med. 5: 503-508. .

Koehler, R. C.; Jones, M. D., Jr.; Traystman, R. J. (1982) Cerebral circulatory response to carbon monoxide
and hypoxic hypoxia in the lamb. Am. J. Physiol. 243: H27-H32.

Kryger, M.; Aldrich, F.; Reeves, J. T.; Grover, R. F. (1978) Diagnosis of airflow obstruction at high altitude.
Am. Rev. Respir. Dis. 117: 1055-1058.

Kukreja, R. C.; Kontos, H. A; Hess, M. L.; Ellis, E. F. (1986) PGH synthase and lipoxygenase generate
superoxide in the presence of NADH orNADPH. Circ. Res: 59: 612-619. .' .," ,

Larson, E. B.; Bruce, R. A. (1986) Exercise and aging. Ann. Intern. Med. 105: 783-785.

Leffler, C. W.; Busija, D. W.(1987) Arachidonic acid metabolites and perinatal hemodynamics. Semin.
Perinatol. 11: 31-42.

Marticorena, E.; Ruiz, L.; Severino, J.; Galvez, J.; Penaloza, D. (1969) Systemic blood pressure in white men
born at sea level: changes after long residence at high altitudes. Am. J. Cardiol. 23: 364-368.

McArdle, W. D.; Katch, F. 1.; Katch, V. L. (1986) Exercise physiology: energy, nutrition, anel human
perform~ce. 2nd ed. Philadelphia, PA: Lea and Febiger.

McMillan, D. E.; Miller, A T., Jr. (1974) Interactions between carbon monoxide and d-amph~~tamineor
pentobarbital on schedule.,.coritrolled behavior. Environ. Res. 8: 53-63. .

Mitchell, D. S.; Packham, S. C.; Fitzgerald, W. E. (1978) Effects of ethanol and carbon monoxide on two
measures of behavioral incapacitation of rats. Proc. West.Pharmacol. Soc. 21: 427-431.

National Institute on Alcohol Abuse and Alcoholism. (1987) Sixth special report to the U.S. Congress on alcohol
and health from the Secretary of Health and Human Services. Rockville, MD: U.S. Department of Health
and Human Services, Alcohol, Drug Abuse, and Mental Health Administration;DHHS publication no.
(ADM) 87-1519.

Okin, J. T. (1970) Response of patients with coronary heart disease to exercise at varying altitudes. In: Vogel,
J. H. K., ed. Hypoxia, high altitude and the heart. New York, NY: S. Karger; pp. 92-96. (Advances in
cardiology: v. 5).

Rall, T. W. (1980) Central nervous system stimulants: the xanthines. In: Gilman, A G.; Goodlman, L. S.;
Gilman, A., eds. The pharmacological basis of therapeutics. 6th ed. New York, NY: Macmillan
Publishing Co., Inc.; pp. 592-607.

Regensteiner, J. G.; Moore, L. G. (1985) Migration of the elderly from high altitudes in Colorado. JAMA
J. Am. Med. Assoc. 253: 3124-3128.

Robinson, S.; Dill, D. B.; Ross, J. C.; Robinson, R. D.; Wagner, J. A; Tzarikoff, S. P. (1973) Training and
physiological aging in man. Fed. Proc. 32: 1628-1634.

12-21



Rockwell, T. J.; Weir, F. W: (J975) The interactive effects of carbon monoxide an~ alcoholpn driving skills,
Columbus, OH: The Ohio State University Research Foundation; CRC-APRAC project CAPM-9-69..
Available from: NTIS~ Springfield, VA; PB-242266. .' . '" , '" " ,. , .. '

Schwartz, J. S.; Bencowitz, H. Z.; Moser, K. M. (1984) Air travel hypoxemia with, chronic obst~ctive"

pulmonary disease. Ami. Intern. Med. 100: 473-477. . ', , ,

Shlim, D. R.; Houston, R. (1989) Helicopter rescues and deaths among trekkers in Nepal. JAMA J. Am: Med.
Assoc. 261: 1017-1019.

Solanki, D. L.; McCurdy, P. R.; Cuttitta, F. F.; Schechter, G. P. (1988) Hemolysis in sickle cell disease as
measured by endogenous carbon monoxide production: a preliminary report. Am. J. Clin. Pathol.
89: 221-225.

Stamford, B. A. (1988) Exercise and the elderly. Exercise Sport Sci. Rev. 16: 341-379.

Thoden, J. S.; Dempsey, J. A.; Reddan, W. G.; Birnbaum, M. L.; Forster, H. V.; Grover, R. F.; Rankin, J.
(1969) Ventilatory work during steady-state response to exercise. Fed. Proc. 28: 1316-1321.

u.s. Department of Health and Human Services. (1990) Vital and health statistics: current estimates from the
National Health Interview Survey, 1989. Hyattsville, MD: Public Health Service, National Center for
Health Statistics; DHHS publication no. (PHS) 90-1504. (Series 10: data from the National Health
Survey no. 176).

U.S. Environmental Protection Agency. (1979) Air quality criteria for carbon monoxide. Research Triangle Park,
NC: Office of Health and Environmental Assessment, Environmental Criteria and Assessment Office;
EPA report no. EPA-600/8-79-022. Available from: NTIS, Springfield, VA; PB81-244840.

.
U.S. Environmental Protection Agency. (1984) Revised evaluation of health effects associated with carbon

monoxide exposure: an addendum to the 1979 EPA air quality criteria document for carbon monoxide.
Research Triangle Park, NC: Office of Health and Environmental Assessment, Environmental Criteria
and Assessment Office; EPA report no. EPA-600/8-83-033F. Available from: NTIS, Springfield, VA;
PB85-103471.

u.S. Environmental Protection Agency. (l985a) Health assessment document for dichloromethane (methylene
chloride). Research Triangle Park, NC: Office of Health and Environmental Assessment, Environmental
Criteria and Assessment Office; EPA report no. EPA-600/8-82-004F. Available from: NTIS, Springfield,
VA; PB85-191559.

U.S. Environmental Protection Agency. (1985b) Addendum to the health assessment document for
dichloromethane (methylene chloride): updated carcinogenicity assessment of dichloromethane (methylene
chloride). Washington, DC: Office of Health and Environmental Assessment, .Office of Research and
Development; EPA report no. EPA-600/8-82-004FF. Available from: NTIS, Springfield, VA;
PB86-123742/AS.

u.S. Environmental Protection Agency. (1987) Update to the health assessment document and addendum for
dicbloromethane (methylene chloride): pharmacokinetics, mechanism of action, and epidemiology.
Washington, DC: Office of Health and Environmental Assessment, Office of Research and Development;
EPA report no. EPA-600/8-87-o30A. Available from: NTIS, Springfield, VA; PB87-228565/AS.

Wei, E. P.; Kontos, H. A.; Dietrich, W. D.; Povlishock, J. T.; Ellis, E. F. (1981) Inhibition by free radical
scavengers and by cyclooxygenase inhibitors of pial arteriolar abnormalities from concussive brain uyury
in cats. eire. Res. 48: 95-103.

12-22



Wei, E. P;; Kontos, H. A.; ChristJ118.D., C. W.; DeWitt, D. S.; Povlishock, J. T. (1985) Superoxide generation
and reversal ofacetylcholine-induced cerebral arteriolar dilation after acute hype~nsi()ri.Circ. Res.
57: 781-787. <. •

Zinkham, W. H.; Houtchens, R. A.; Caughey, W. S. (1980) Carboxyhemoglobin levels in an unstable
hemoglobin disorder (Hb Zuerich): effect on phenotypic expression. Science (Washington, DC)
209: 406-408.

12-23



· ,



APPENDIX

GLOSSARY OF TERMS AND SYMBOLS

Abbreviations, Acronyms, and Symbols

A

X

[CO]ave
[COHb]

[COMb]

p'm

[OHe]ave

L:

r
1ZC160

1ZC180

14CO

SICr

2,3-DPG
1311
8SKr

7-mode'
99mTcDTPA

>
<
z ,

A-aD°z
ACD

ACGIH

ACH

ADD (m)

Angstrom

Chi

Average concentration of CO

Concentration of COHb in blood, as milliliters of CO pIer milliliter of

blood (STPD)

Concentration of COMb in tissues

Micrometer

Average concentration of the hydroxyl radical

Sigma (sum of terms)

Atmospheric lifetime

Carbon monoxide containing oxygen isotope 16

Carbon monoxide containing oxygen isotope 18

Carbon monoxide containing' carbon isotope 14

Chromium-51

2,3-diphosphoglycerate

lodine-131

Krypton-85

137-second driving cycle test

Radiolabe1ed diethylene triamine pentacetic acid

Greater than

Less than

Approximately

Alveolar-arterial oxygen gradient [also P(A-a)Oz difference]

Acid citrate dextrose

American Conference of Governmental Industrial Hygienists

Air changes per hour

Additive constant specification
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ADP

ABP

AIF
AIRS
a.k.a.

Alt

amb

ANOVA

ANSI

Ar

atm
A-V

BEl

BF

BLIS

BS

BTPS

Btu

BW
C

Ca

CAA

CAD
CALINB3 Model

CASAC

C(a-v)02

Cb
CBF

cc

Ceo

CEQ

Cff

CFF

CFK

CFKB

cGMP

Adenosine 5'-phosphate

Auditory evoked potential

Air-to-fuel ratio

Aerometric Information Retrieval, System (U.S. EPA)

Also known as

Altitude above sea level

Ambient

Analysis of variance '

American National Standards Institute

Argon

Atmosphere

Arterial-mixed venous 02 difference

Biological exposure' index

, Blue flame (heater)

Bibliographic Literature Information Sy~tem

Body sway

Body temperature 'and pressure, saturated with water vapor

British thermal unit

Body weight

Celsius

Calcium

Clean Air Act

Coronary artery disease
,

A form of dispersion modeling

Clean Air Scientific Advisory Committee

Arteriovenous 02 content difference"

Concentration of carbon monoxide for a bulk mixture

Cerebral blood flow

Cubic centimeter (also cm3)

Concentration of carbon monoxide in the sample

President's Council on Environmental Quality,. " '

Critical flicker fusion

Critical flicker frequency

Coburn-Forster-Kane

Coburn-Forster-Kane equation

Cyclic guanosine monophosphate
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C~CI2

CH3CCl3
CH4

CHD

cr
cr
crn
Ci(t)

em

cm3

CMR02
CN

CNS

CNV

CO

CO

CO2
COR

CORb

COLD

COMb

CO-Ox

COPD

CP

CRF

CRT
CVD

CVS-72

CVS-75

Cyt

d'

dBA

dF/dt (max)

dL

DLCO

Methylene chloride

Methylchloroform

Methane

Coronary heart disease

Cardiac index

Confidence interval

Cubic inch displacement

The air pollutant concentration to which an individual is exposed at

any point in time t

Centimeter(s)

Cubic centimeter (also cc)

Cerebral 02 consulllption

Cyanide

Central nervous system

Contingent negative variation (slow-evoke<! potential)

Carbon monoxide

Cardiac output

Carbon dioxide

Carbon monoxide hypoxia

Carboxyhemoglobin

Chronic obstructive lung disease

Carboxymyoglobin

CO-Oximeter

Chronic obstructive pulmonary d~sease

Capillary permeability to protein

Continuous reinforcement schedule

Cathode-ray tube

.Cardiovascular disease

Constant volume sample cold start test .

Constant volume sample test including cold and hot starts

, Cytochrome

Measure of detection threshold

Decibels (A-scale)

Time derivative of maximal force

Deciliter

Diffusing capacity for CO
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DLOZ
DNA

DpCO

dP/dt

DPGs

DR

ECG

EDRF

EDTA

BEG

BKG

BP

EPA

ERG

ETS

f

F6
FA
FACO(Bh)

fB
FCN

FCC
FDA

FBF
FEV!
FFF

FI

FICO
FID

FIOZ
FMVCP

fR
FR
PRC

ft

FVC

Diffusing capacity for 0z

Deoxyribonucleic acid

Carbon monoxide diffusion coefficient across the placenta

Time derivative of pressure

Diphosphoglycerides

Differential reinforcement of flow rates schedule

Electrocardiogram (als.o EKG),'

Endothelium-derived relaxing factor

Ethylenediaminetetraacetic acid

Electroencephalogram

Electrocardiogram (also. ECG)

Evoked potential

Environmental Protection Agency

Electroretinogram

Environmental tobacco smoke

Fetal· . "

Flow rate of carbon monoxide for a bulk: mixture

Air flow rate

Alveolar carbon monoxide measured by breath-holding

Breathing frequency (also fR)

Fixed consecutive number schedule

Carbon monoxide flow rate

Food and Drug Administration

Forced expiratory flow (see definition)

Forced expiratory volume (at one minute),

Flicker-fusion frequency'

Fixed interval schedule

Volumetric fractional concentration of CO in dry inspired air

Flame ionization detector

Fraction of inspired 02 '

Fe~eral Motor Vehicle Control Program

Breathing frequency (also fB)

Fixed ratio schedule

Functional residual capacity .

Feet

Forced vital capacity
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g

GABA

GC
GD
GFC
g/mi

GMP

h
He

H2
HANES

Hb

HbA

HBO

Hb02
HbS

HCN

HCs

Hct·

HDL

He

HEI

Hg

HgO

HH
HO e

2

H20

HR

HT

HW/BW

IHD

12°5
ip

K

KCN

K eff

Gram

-y-aminobutyric acid

Gas chromatograph

Gestation day

Gas filter correlation·

.Grams per mile

Guanosine monophosphate

Hour

Hydrogen atom (free radical)

Hydrogen molecule

Health and Nutrition Examination Survey

Hemoglobin

Normal hemoglobin

Hyperbaric oxygen

Oxyhemoglobin

Abnormal hemoglobin found in individuals .with sickle-cell disease

Hydrogen cyanide

Hydrocarbons

Hematocrit

High-density lipoprotein

Helium

Health Effects Institute

Mercury

Mercuric oxide

Hypoxic hypoxia

Hydroperoxyl free radical

Water

Heart rate

Total heart weight

Heart weight to body weight ratio

Ischemic heart disease (see definition of angina)

Iodine pentoxide

Intraperitoneal

Warburg partition coefficient

Potassium cyanide

The effective reaction rate constant
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K3Fe(CN)6

kg

kJ

kIn

Km
KPM

L

LCso

LDso
LDH

LDL
LDV

LOAEL

LOEL

LPG
LV

m

m3

M

Mb
MEA
MEMs

MET

metHb

MFO

mg

mi

MI

min

mL

MLDH

MMFR

mo

mol

MRFIT

Potassium ferricyanide

Kilogram

Kilojoule, 1x 1010 ergs, 0.948 Btu

Kilometer

Michaelis-Menten constant

Kilopondmeters per minute

Liter

Concentration that is lethal to 50% of test subjects (used in inhalation

studies)

Dose that is lethal to 50% of test subjects

Lactate dehydrogenase

Low-density lipoprotein

Light-duty vehicle

Lowest-observed-adverse-effect level

Lowest-observed-effect level

Liquefied petroleum gas

Left ventricle

Maternal

Cubic meter

Haldane coefficient or parameter

Myoglob~

Mean electrical axis

Microenvironmental monitors

Basal metabolic equivalent

Methemoglobin

Mixed-function oxidase

Milligram

Mile

Myocardial infarction

Minute

Milliliter

Myocardial lactate dehydrogenase

Maximum mid-expiratory flow rate

Month

Mole

Multiple risk factor intervention trial
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MS

MSA

MSHA

MST

MULT (m)

n

N2
NAAQS'

NADPH

NaHC03

NAMS

NASA

NBS
ND

NDIR

NEDS

NEM

NG
NHANES

Ni(CO)4

NIOSH

NIST

nm

NO

N02

N03

N20

NOAEL

NOEL

NOx
NR

0 8

°2
°3
OHe

°2Hb

Mainstream smoke

Metropolitan Statistical Area

Mine Safety and' Health Administration, .

Mean survival time

Multiplicative constant' specification

Number

Nitrogen

National Ambient Air 'Quality Standards·

Reduced nicotinamide adenine dinucleotide phosphate
Sodium.biCarbonate . i '

National Air Monitoring stations

National Aeronautics and Space Administration

National Bureau of Standards, now NIST

Not determined

Nondispersive infrared' ,

National Emissions Data System

NAAQS Exposure Model

Natural gas

National Health and Nutrition Examination Survey

Nickel tetracarbonyl

National Institute for OccupationalSafety'and Health

National Instituteof Standards and Techri6logy

Nanometer

Nitric oxide

Nitrogen dioxide

Nitrate

Nitrous oxide

No-observed-adverse-effect level

No-observed-effect level'

Nitrogen oxides

No response

Oxygen free radical

Oxygen

Ozone

Hydroxyl free radical

Oxyhemoglobin: '
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°zMb
P

P

Pso
P(A-a)Oz

PaCOz
PACOZ
PAH
PAN
PaOZ
PB
PbClBr

PCO

PcOz
PCOz
PD

PBMs

PET

PtC°
PGlz
pH

PlCO

PiT

PmCO

PMN
'P°2
ppbv

ppm

ppmm

PR
PW

Q
QOz

r

R

Oxymyoglobin

Pressure in atmospheres

Propane

Partial pressure of 02 at 50% saturation of hemoglobin

Alveolar-arterial oxygen pressure difference

Partial pressure of CO2 in arterial blood

Partial pressure of CO2 in alveolar gas

Polyaromatic hydrocarbon

Peroxyacetyl nitrate

Partial pressure of 0z in arterial blood

Barometric pressure

Lead chIorobromide

Partial pressure of CO

Mean partial pressure of pulmonary capillary 02

Partial pressure of CO2
Postnatal day

Personal exposure monitors

Positron emission tomography

Partial pressures of CO in the fetal placental capillaries

Prostacyclin

Hydrogen-ion concentration (see Definitions)

Partial pressure of CO in humidified· inspired air

Pituitary

Partial pressures of CO in the maternal placental capillaries

Polymorphonuclear neutrophil leukocytes

Partial pressure of O2

Parts per billion by volume

Parts per million by volume (milligrams per liter)

Parts per million by mass (milligrams per kilogram)

Pulmonary resistance

Placental weight

Overall perfusion rate

Oxygen consumption of tissues or cells (also VOz)

Correlation coefficient

Ratio of CO to O2 at 50 % inhibition
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RZ

RBC

rCBF

RV
RV
RVF

s
S
SaOz
SAOZ
SAROAD

scf

seN
SCO

SD

SE

SEM

SF6
SHAPE

SHED

SI

SIDS

SIPs

SLAMS

SMR

SOz

SP

SR

SRMs

SS
ST

STPD

SV

t

t1

td

Coefficient of determination

Red blood cell

Regional cerebral blood flow

Right ventricle

Residual volume

Red visual field

Second

Septum

Arterial oxygen saturation '

Alveolar oxygen saturation

U.S. EPA centralized data base; superceded by AIRS (q.v.)

Standard cubic foot

Thiocyanate

Percent COHb of total Hb

Standard deviation

Standard error

Standard error of the mean

Sulfur hexafluoride
, ' ,

Simulation of Human Activity and Pollutant Exposure
. l .'

Sealed housing for evaporative determination

Stroke index

Sudden infant death syndrome

State Implementation Plans

State and Local Air: Monitoring Stations ,

Standardized mortality ratio

Sulfur dioxide

Mean stroke power

Systemic resistance

Standard Reference Materials

Sidestream smoke

Segment of the EKG (see Definitions)

Standard temperature and pressure, ,dr~

Stroke volume

Time'

Postexposure time in minutes

Time-to-death
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TEAM
TEM

Tg

TH

THC

~
TLC

TSP

TTS
TV

TWA
UV

UVGSHs

VC

VD
VEP

VFT
VLDL

Vmax

VMT

VOC

VPD

VPD

VT
V
VA
VAIQ

VCO

VCO2

VD
VE

VI
Vmax
V02

V02

Total Exposure Assessment Methodology

Transmission electron microscopy

Teragram(s); 1012 grams; 106 metric tons

Total hydrocarbon

Total hydrocarbon content

Time-to-incapacitation

Total lung capacity

Total suspended particulates

Temporary threshold shifts

Tidal volume (also VT)

Time-weighted average

illtraviolet

Unvented gas space heaters

Vital capacity

Physiological dead space volume

Visual evoked potential

Ventricular fibrillation threshold

Very low density lipoprotein

Ventricular contractility

Vehicle-miles traveled

Volatile organic compound

Ventricular premature depolarization

Vehicles per day

Tidal volume (also TV)

Ventilation rate

Alveolar ventilation rate

Ventilation to perfusion ratio

Rate of endogenous production of CO

Rate of carbon dioxide production

Dead-space ventilation per minute

Minute ventilation; expired volume per minute

Inspired volume per minute

Maximum expiratory flow

Oxygen uptake by the body

Oxygen consumption of tissues or cells (also QOz)



V02 max

w

wi
WBC

WF

WHW

Maximal oxygen uptake (maximal aerobic capacity)

Watt

With

White blood cell

White flame (heater)

Wet-heart weight

Mean
/
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Dermitions

Acclimatization: The physiological and behavioral adjustments ofan organism to changes in
its environment. .

Adaptation: Changes in an organism's structure or habit that help it adjust to its surroundings.

Additivity: A pharmacologic or toxicologic interaction in which the combined effect of two or
more chemi~s is approximately equal to the sum of the effect of each chemical alon~.

(Compare with: antagonism, synergism.)

Adiabatic warming: The temperature increase produced in a descending. air mass as pressure.,
increases,with decreasing altitude.

Air pollutant: Any substance in air that could, if in high enough concentration, harm humans,
other animals, vegetation, or material. Pollutants may include almost any natural or '
artificial composition of matter capable of being airborne. ,They may be in tpe ~orm of
solid particles, liquid droplets, gases, or in combinations of these forms. Generally,
they fall into two main groups: (1) those emitted directly from identifiable sources and
(2) those produced in the air by interaction between two or more primary pollutants, or
by reaction with normal atmospheric constituents, with or without photoactivation.'
Exclusive of pollen, fog, and dust, which are of natural origin, ,about 100 c.ontaminants
have been identified and fall into the following categories: 'solids, sulfur compounds,
volatile organic chemicals, nitrogen compounds, oxygen compounds, halogen
compounds, radioactive compounds, and odors. .

Air pollution: The presence of contaminant or pollutant substances in ,the air that do not
disperse properly and interfere with human health or welfare, or produce other harmful
environmental effects.

Air pollution episode: A period of abnormally high concentration of air pollutants, often due
to low winds and temperature inversion, that can cause illness and death.

Air quality criteria: The levels of pollution and lengths of exposure above which adverse
health and welfare effects may occur.

Air quality standards: The level of pollutants prescribed by regulations that should not. be
exceeded during a specified time in a defined area.

Alveolar-arterial oxygen pressure difference [P(A-a)Oz]: The difference it;l partial pressure of
oxygen in the alveolar gas spaces and that in the systemic arterial blood, measured in
torr.

Alveolar carbon dioxide pressure (PAC0z): Partial pressure of CarbOl1 dioxide in the air
contained in the lung alveoli.
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Alveolar oxygen partial pressure (pA°2): Partial pressure of oxygen in the air l:ontained· in'
. the alveoli of the lungs.

Alveolus: A hexagonal or spherical air cell of the lungs. The majority ofalveoli arise from
the alveolar ducts, which are lined with the alveoli. An alveolus is an ultimate
respiratory unit where the gas exchange takes place.

Ambient air: Any unconfmed portion of the atmosphere: open air, .surrounding air.

Ambient air quality standards: (See: 'Criteria Pollutants and National Ambient Air Quality
Standards.) ,

Anatomical dead space (VDanat): Volume of the conducting airways down to the level where,
during air breathing, gas exchange with blood.can occur, a region probably situated at
the entrance of the alveolar ducts.

Angina pectoris (angina): A spasmodic, strangling sensation or heavy chest pain, often
radiating to the arms, especially the left, due most often to lack ofoxyg(~n to theheart
muscle (myocardial ischemia) and precipitated by effort Or excitement. .

Angiography: Radiographic visualization of blood vessels following introduction of contrast
material; used as a diagnostic aid for such conditions as cerebrovascular attacks (strokes)
and myocardial infarctions (heart attacks). (Also, see radionuclide angiography.),

Antagonism: A pharmacologic or toxicologic interaction in which the combined effect of two
chemicals is less than the sum of the effect of each chemical alone; the chemicals either
interfere with each other's actions, or one interferes with the action of the other.
(Compare with: additivity, synergism.)

Arrhythmia: Any variation from the normal rhythm of the heartbeat.

Arterial oxygen saturation (SaOz) : Percent saturation of dissolved oxygen in arterial blood.

Arterial partial pressure of carbon dioxide (PaC0z): Partial pressure of dissolved carbon
dioxide in arterial blood. . . .

Arterial partial pressure of oxygen (paOz): Partial pressure of dissolved oxygen in arterial
blood.

Atmosphere (atm): A standard unit of pressure representing the pressure exerted by a 29.92 in
(760 mm) column of mercury at sea level at 45°latittide and equal to 1,000 g/cmz.
The whole mass of air surrounding the Earth, composed .largely of oxygen'and nitrogen.

ATPS condition (ATPS): Ambient temperature and pressure, saturated with water vapor.
These are the conditions existing in a water spirometer. . ,', .
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Biologically effective dose: The amount of the deposited or absorbed contaminant that reaches
the cells or target site where an adverse effect occurs or where ail interaction of that
contaminant with a membrane surface occurs.

BTPS conditions (BTPS): Body temperature and pressure, saturated with water vapor. These
are the conditions existing in the gas phase of the lungs. For humans, the normal
temperature is taken as 37' °C, the pressure as the barometric pressure, 'and the partial
pressure of water vapor as 47 torr.

Carbon dioxide (CO~: A colorless, odorless, nonpoisonous gas, which results from fossil fuel
combustion and is normally a part of the ambient air.

Carbon dioxide production CVCO~: Rate of carbon dioxide production by organisms, tissue$,
or cells. Common units: milliliter CO2 (STPD) per kilo~ram-ininute. " .'

Carbon monoxide (CO): An odorless, colorless, toxic gas formed by incomplete, combustion,
with a strong affinity for a variety of metal-containing proteins found in nature. The
metalloproteins of greatest interest in mammalian tissues include 02-carrier proteins
such as hemoglobin, myoglobin, and metalloenzymessuch as 'the ·cytochromes. TIle
competitive relationship between CO and O2 for the active sites of these metalloproteins
can affect the transport, absorption, and utilization of O2 by the tissues. "

Carboxyhemoglobin (COHb): Hemoglobin in which the iron is associated with carbon
monoxide. The affinity of hemoglobin for carbon monoxide is about 240 to 250 times
greater than for oxygen.

Carboxymyoglobin (COMb): Myoglobin in which the iron is associated with carbon'
monoxide. The affInity of myoglobin for carbon monoxide is about 25 to 40 times
greater than for oxygen.

Central nervous system (CNS): The portion of the nervous system that includes"the brain and
spinal cord, and their connecting nerves. '

Chronic obstructive lung disease (COLD): This term refers to diseases of uncertain etiology
characterized by persistent slowing of airflow during forced expiration. It is
recommended that a more specific term, such as chronic obstructive bronchitis or
chronic obstructive emphysema, be used whenever possible.. Synonymous with chronic
obstructive pulmonary disease (COPD).

Combustion: Burning, or rapid oxidation, accompanied by release of energy in the forin of
heat and light. A basic cause of air pollution.

Combustion product: Substance produced during the burning or oxidation of a material.

A-14

\



Criteria: .Descriptive factors taken into account by EPA in setting standards for various
pollutants. These factors are used to determine limits on allowable cOUi~entration levels
and' to limit the number of violations per year. When issued by EPA, the criteria
provide guidance to the states on how to establish their standards. .

! • '

Criteria pollutants: The Clean Air Act requires EPA to set National Ambient Air Quality'
Standards for certain pollutants known to be hazardous to human health.. . EPA has
identified and set standards to protect human health and welfare for six pollutants:
ozone, carbon monoxide, total suspended particulates, sulfur dioxide, l(~d,'and nitrogen

. oxides. The term "criteria pollutants" derives from the requirement that EPA must .
describe the characteristics and potential health and welfare effects of these pollutants.
It is on the basis of these criteria that standards are set or revised.

Diffusing capacity of ~elung (Dv DLCO, DLC02, DL0:z): Amount ofgas (CO, CO2, 02)
commonly expressed' as milliliters of gas (STPD) diffusing between alveolar gas and
pulmonary capillary blood per torr inean gas pressure difference per minute, that is,
milliliter gas per minute-torr. Synonymous with transfer factor and diffusion factor.

Do~e:' The amount of a contaminant that is absorbed or deposited in the body of an exposed
, organism for an increment of time-usually from a single medium. Total dose is the
. sum of doses received by a person from a contaminarit in a given interval resulting from
interaction with all environmental media that contain the contaminant. Units of dose
and total dose (mass) are often converted to units of mass per volume of physiological
fluid or mass of tissue. (A~so, see internal dose and biologically effective dose.)

Dose-response relationship: A relationship between (1) the dose, often actually based on
"administered dose" (i.e., exposure) rather than absorbed dose, and (2) the extent of
toxiC injury produced by that chemical. Response can be expressed either as .the
severity of injury or proportion of exposed subjects affected.

Electrocardiogram (BCG, EKG): A graphic tracing of the variations in electrical potential
, caused by the exCitation of the heart muscle and detected by electrodes at the body

surface. The normal electrocardiogram shows deflections resulting from arterial and
ventricular activity that are identified by waves and segments. The P wave is produced
by atrial depolarization (excitation), the QRS complex is produced by ventricular
depolarization, and the ST segment and T wave are produced by ventricular
repolarization (recovery). The manifestations of atrial repolarization are normally

.submerged in the QRS complex. The U wave is an inconsistent finding, believed to be
due to slow repolarization of the papillary muscles. The magnitude and configuration of
the individual waves vary with the location of the detecting electrodes.

Emission: Pollution discharged into the atmosphere from smokestacks, other vents, and
surface areas of commercial or industrial facilities; from residential chimneys; and from
motor vehicle, locomotive, or aircraft' exhausts. .
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EmisSion factor: The relationship between the amount of pollution produced and the amount
of raw material processed. For example, an emission factor for a blast furnace making

~ . iron would be the number of pounds of particulates per ton of raw matelials.

Emission inventory: A list, by source, of the amount of air pollutants discharged into the
atmosphere of a community. It is used to establish emission standards.

Emission standard: The maximum amount of air polluting discharge legally allowed from a
single source, mobile or stationary.

Environment: The sum of all external conditions affecting the life, development, and survival
of an organism, including air, water, food, and soil media. Regarding air, it refers to
all indoor and outdoor microenvironments, including residential and occupational
~ettings.

EPA: The U.S. Environmental Protection Agency; established in 1970 by Presidential
Executive Order, bringing together parts of various government agencies involved with
the control of pollution.

Episode (pollution): An air pollution incident in a given area caused by a concentration of
atmospheric pollution reacting with meteorological conditions that may result in a
significant increase of health effects in the exposed population. Although most
commonly used in relation to air pollution, the term also may be used in connection
with other kinds of environmental events such as a massive water pollution situation.

Exceedance: A pollutant concentration greater than a defined threshold or established
standard; air pollution standards often define the second exceedance as a formal
violation.

Exposure: An event that occurs when there is contact at a boundary between a human and the
environment with a contaminant of a specific concentration. Instantaneous exposure
refers to the concentration that a person comes into contact with at a particular instant
of time; integrated exposure refers to the integral of the instantaneous exposure over a
defined time period; and average exposure refers to the integrated exposure divided by a
defined averaging time.

Fetus: The postembryonic stage of the developing young. In humans, from the end of the
second month of pregnancy up to birth.

Forced expiratory flow (FEFx): Related to some portion of the forced vital capacity curve.
Modifiers refer to the amount of the forced vital capacity already exhaled when the
measurement is made.

Forced expiratory volume (FEV): Denotes the volume of gas that is exhaled in a given time
interval during the execution of a forced vital capacity. Conventionally, the times used
are 0.5, 0.75, or 1 s, symbolized FEVo.s, FEVo.75' FEV1.o, These values often are
expressed as a percent of the forced vital capacity (e.g., [FEVl.O/FVC] X 100).
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Forced, vital capacity (PVC): Vital 'capacity performed with a maximally forcfrl expii'atoi"y
effort.

Free radical: Any of a variety of highly reactive atoms or molecules charactelized by having
an unpaired electron, often identified by a superscript dot (e.g., OHe

). . ,.

Gas chromatography (GC): A method of separating and analyzing, mixtures o( chemical
substances.. A flow of gas causes the components ofa mixture to migrate'differentially ,
from a narrow starting zone in a special porous, insoluble sorptive'medhnn. The
pattern formed by zones of separated pigments and of colorless substances in this
process is called a chromatogram', and can be analyzed to obtain the concentration of ,:'.
identified pollutants.

Haldane Relationship: Under conditions of chemical equilibrium for the reactions binding
oxygen (02) and carbon monoxide (CO) to hemoglobin (Hb), the following (Haldane)
relationship is assumed to hold (Coburn,Forster, and Kane, 1965). '.

where PeC02is the mean pressure of dissolved O£in mm Hg; [02Hbl is the
concentration ofoxyhemoglobin in milliliter gas STPD per milliliter blood; M is ,the CO
cJ.1emical affinity of hemoglobin, also called .the Haldane coefficient or parameter;
Peeo is the mean pressure of dissolved CO in mm Hg; and [COHb] is the
concentration of carboxyhemoglobin in milliliter gas STPD.p~r milliliter' blood...

Hematocrit (Hct): The percentage of the volume of red blood cells in whole blood.

Hemoglobin (Hb): A hemoprotein naturally occurdng in most vertebratebloo<;l, consisting of
four polypeptide chains (the globulin) to each o~ which ,there is attach~ a heme group.
The heme is made of four pyrrole rings and a'divalent 'iron (Fe2+-protopqrpllyrin) that
combines reversibly with molecular oxygen. Hemog19bin transports,oxygen from ,the
lungs to the tissues as oxyhemoglobin (02Hb) and returns carbop. dioxi.d~ to thelungs as
hemoglobin carbamate, completing the respiratory cycle. . " .

Hydrocarbons (HC): Chemical compounds that consist entir~ly of carbop anef hydrogen.

Hypoxemia: A state in which the oxygen pressure and/or concentrationin arterial andlor '
venous blood is lower than its normal valueat sea level. Normal oxygen pressures at'
sea level are 85 to 100 torr in arterial blood and 37 to 44 torr iJ;lmix,ec\venous blood.
In adult humans, the normal oxygen concentration is 17 to 23 mL °2/100 mL arterial
blood; in mixed venous blood at rest, it is 13 to l8,mL °21100 lpL blpod. , :

" " ~
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Hypoxia: Any state in which the oxygen in the lung, blood, and/or tissues is abnormally low
compared with that of a normal resting human breathing air at sea level. If the partial '
pressure of oxygen is low ,in the environment, whether'because of decreased barometric
pressure or decreased fractional concentration of oxygen, the condition is termed
environmental hypoxia. HypoJda when referring to the blood is termed hypoxemia.
Tissues are said to be hypoxic when their partial pressure of oxygen is low, even'if'
there is no arterial hypoxemia, as in IIstagnant hypoxia, II which occurs when the local
circulation is low compared to the local metabolism.

In vitro: (1) IIIn glass ll
; a test-tube culture. (2) Any laboratory test u§ing living cells taken

from an organism.

In vivo: In the living body of a plant or animal. In vivo tests are those laboratory
experiments carried out on whole animals or human volunteers. '

, .
Indoor air: The breathing air inside a habitable structure or conveyance.

Indoor air pollution: Chemical, physical, or biological contaminants in indoor,air.

Internal dose: Refers to the amount of the environmental contaminant absorbed in body tissue
or interacting with an organ's membrane surface.

Inversion: An atmospheric condition caused by a layer of warm air preventing the ri~e of ,
cooler air trapped beneath it. This prevents the rise of pollutants that might otherwise
be di$persed and can cause an air pollution episode. " '

Isotope: A variation of an element that has the same atomic number but a different weight
because of its neutrons. VariOijS isotopes of the same element may have differ~nt

radioactive behaviors. ' ,'
, ,:'

Lapse rate: Vertical temperature gradient in the atmosphere; usually negative (i.e., decreasing
with altitude). (See lIinver~ion. II)

Lowest-observed-adverse-effect level (LOAEL): The lowest dose or exposure level 'of a '
chemical in a study at which there is a statistically, or biologically significant increase, in '
the frequency or severity of an adverse effect in the exposed' population as compared '
with an appropriate, unexposed control group. .

Lowest-observed-effect level (LOEL): In a study, the lowest dose or exposure level at which
a statistically or biologically significant effect is observed in the exposed population >

compared with an appropriate, unexposed control group. ", ,'.

Lung volume (Vr): Actual volume of the lung, including the volunie pf the conducting, ..
airways.
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Maxil11;al'aerobic capacity (V02 max): The rate of oxygen uptake by the body durin~
repetitive maximal respiratory effort. Synonymous with maximal oxygen consumption
and maximal oxygen uptake.

Methemoglobin (MetHb): Hemoglobin 'in which iron is in the femc state. Bec:ause the iron is
oxidiied, methemoglobin is incapable of oxygen transport. Methemoglobins are formed
by various drugs and occur under pathological conditions. Many methods for'
hemoglobin measurements utilize methemoglobin (chlorhemoglobin, cyanhemoglobin).

Microenvironment: A three-dimensional space with a volume in which contaminant
concentrations are spatially uniform during some specific mterval.

Minute ventilation (VE): Volume of air breathed in one minut~. It is a product of tidal
volume (VT) and breathing frequency (fB). (See ventilation.)

Minute volume: Synonymous with minute ventilation.

Modeling: An investigative teChnique using a mathematical or physical repiesentation of a
system or theory that accounts for all or some of its known properties. Models are
often used to test the effect of changes of system components on the overall. '
perforJpance of the system.

Monitoring: Periodic or continuous testing or measurement of pollutants or toxic substances in
. 'various environmental media, or in humans, animals, and otheI;living things; used to

determine level of compliance with statutory requirements/standards. '

Myoglobin(Mb): A relatively small globular protein containing an iron-porphyrin heme group.
that is involved in the'transport o,f oxygen from capillaries to mitochondria in skeletal. .
muscles. Myoglobin may contribute to muscle function by serving as an oxygen 'store
or by enhancing intracellular diffusion of oxygen.

National Ambient Air Quality Standards (NAAQS): Air quality standards established by EPA
that apply to outside air throughout the country. (See criteria pollutants.)

Nitric oxide (NO): A gas formed by combustion under high temperature and high pressure in
an internal combustion engine. It changes into nitrogen dioxide in the ambient air and
contributes to photochemical smog. '

Nitrogen dioxide (N02)':' The result of nitric oxide combining with oxygen in' the atmosphere.
A major component of photochemical smog.

Nitrogen oxides (N0x): Compounds of nitrogen and oxygen,in ambient air, such as;nitric
oxide (NO)' and others with a higher oxidation state of nitrogen:; of which nitrogen
dioxide '(N02) is the most important toxicologically. '
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No-observed-adverse-effect level (NOAEL): The highest experimental dose at which .there are
. no statistically or biologically significant increasesin frequency or severity of adverse
health effects, as seen in the exposed population compared with an appropriate,
unexposed population. ,Effects may be produced at this level, but they are not
considered to be adverse.

No-observed-effect level (NOEL): The highest experimental dose at.which there is no
statistically or biologically significant increases in frequency or severity of effects seen
in the exposed population compared with an appropriate, unexposed population.

Normoxia: A state in which the partial pressure of oxygen in the inspired gas is equal to that
of air at sea level, about, 150 mm Hg.

Oxygen consumption (Y02, QOz): Rate of oxygen uptake of organisms, tissues, or cells.
Common units: milliliter 02 (STPD) per kilogram-minute or milliliter 0z (STPD) per
kilogram-hour. For whole organisms, the oxygen consumption commonly is expressed
per unit surface area or some power of the body weight. For tissue samples or isolated
cells, QOz = p.L 0z/h/mg dry weight.

Oxygen saturation (S0z): The amount of oxygen combined with hemoglobin, expressed as a
percentage of the oxygen capacity of that hemoglobin. In' arterial blood, SaOz.

Oxygen uptake (YOz): Amount of oxygen taken up by the body from the environment, by
the blood from the alveolar gas; or by an organ or tissue from the blood. When this
amount of oxygen is expressed per unit of time one deals with' an "oxygen uptake' rate. "
"Oxygen consumption" refers more specifically to the oxygen uptake rate by all tissues
of the body and is equal to the oxygen uptake rate of the organism only when the
oxygen stores are constant.

Oxyhemoglobin: Hemoglobin in combination with oxygen. It is the form of hemoglobin
present in arterial blood.

Ozone (03): Found in two layers of the atmosphere, the stratosphere and the troposphere.
In the stratosphere (the atmospheric layer beginning 7 to 10 miles above the Earth's
surface), ozone is a form of oxygen found naturally that provides a protective layer
shielding the earth from ultraviolet radiation's harmful health effects on humans and the
environment. In the troposphere (the layer extending up 7 to 10 miles from the Earth's
surface), ozone is a chemical oxidant and major component of photochemical smog.
Ozone can seriously affect the human respiratory system and is one of the most
prevalent and widespread of all the criteria pollutants for which the Clean Air Act
required EPA to set standards. Ozone in the troposphere is produced through complex,
sunlight-activated chemical reactions involving nitrogen oxides, which are among the
primary pollutants emitted by combustion sources; and hydrocarbons, which are
released into the atmosphere through the combustion, handling, and processing of
petroleum products.
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Peroxyacetyl nitrate (PAN): Pollutant created by action of the ultraviolet component of
sunlight on hydrocarbons and nitrogen oxides in the air; an ingredient of photochemical
smog.

pH: A measure of the effective acidity or alkalinity of a liquid or solid material.. It is
expressed as the negative logarithm of the hydrogen ion concentration. ]Pure water has
a hydrogen ion concentration equal to 10-7 M/L at standard conditions (25°C). The
negative logarithm of this quantity is 7. Thus, pure water has a pH value of
7 (neutral). The pH scale is usually considered as extending from 0 to 14. A pH less
than 7 denotes acidity; greater than 7 denotes alkalinity.

Photochemical smog: Air pollution caused by sunlight-activated chemical reaclions among
various pollutants emitted from different sources.

Physiological dead space (VD): Calculated volume that accounts for the diffemnce between
the pressures of carbon dioxide in expired and alveolar gas (or arterial blood).
Physiological dead space reflects the combination of anatomical dead space and alveolar
dead space, the volume of the latter increasing with the importance of th~ nonuniformity
of the ventilation/perfusion ratio in the lung.

Pollution: Generally, the presence of matter or energy whose nature, location, or quantity
produces undesired environmental effects.

Population: A group of interbreeding organisms of the same kind occupying a. particular
space. Generically, the number of humans or other living creatures in a designated
area.

Radionuclide angiography: Visualization of blood vessels by injecting a source of gamma
radiation into the bloodstream and observing the ar~ of interest with a scintillation
camera.

Residual volume (RV): That volume of air remaining in the lungs after maximal exhalation.
The method of measurement should be indicated in the text or, when ne~essary, by
appropriate qualifying symbols.

Respiratory frequency (fR): The number of breathing cycles per unit of time. Synonymous
with breathing frequency (fB).

Smog: Air pollution associated with oxidants. (See photochemical smog.)

Smoke: Particles suspended in air after incomplete c.ombustion of materials.

Spectrophotometry: A technique in which visible, ultraviolet, or infrared radiation is passed
through a substance or solution and the intensity of light transmitted at various
wavelengths is measured to determine the spectrum of light absorbed.
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STPD conditions (STPD): Standard temperature and pressure, dry. These are the conditions
of a volume of gas at 0 °C, at 760 torr, without water vapor. A STPD volume of a
given gas contains a known number of moles of that gas. ,

Sulfur dioxide (SO~: A colorless gas with pungent odor, primarily released from burning of
fossil fuels containing sulfur, such as coal.

Synergism: A pharmacologic or toxicologic interaction in which the combined effect of two
or more chemicals is greater than the sum of the effects of each chemical alone..
(Compare with: additivity, antagonism.)

Tidal volume (TV): That volume of air inhaled or exhaled with each breath during quiet
breathing, only used to indicate a subdivision of lung volume.. When tidal volume is.
used in gas exchange formulations, the symbol VT s~ould be used. ' , .

Time-weighted average (TWA): The average airborne exposure that s~all not be exceeded in
any 8-h shift of a 40-h work week. . .

Torr: A unit of pressure equal to 1,333.22 dynes/cm2 or 1.33322 millibars. The torr is equal
to the pressure required to support a column of mercury I-mm high when the mercury
is of standard density and is subjected to standard acceleration. These standard
conditions are met at 0 °C and 45 0 latitude, where the acceleration of gravity is
980.6 cm/s2• In reading a mercury barometer at other temperatures and latitudes,
corrections, which commonly exceed 2 torr, must be introduced for these terms and for
the thermal expansion' of the measuring scale used. The torr is synonymous with the
pressure unit mm Hg.

Total human exposure: Accounts for all exposures a person has to a specific contaminant, "
regardless of environmental medium or route of entry (inhalation, ingestion, and dermal
absorption). Sometimes total exposure is used incorrectly to refer to exposure to all
pollutants in an environment. Total exposure to more than one pollutant should be '
stated explicitly as such. ,.

'1, ~ ;,," ,

Total lung capacity (TLC): The sum of all volume 'compartments or the volume of air in ·the
lungs after maximal inspiration. The method of measuremenrshould be indicated, as'
with residual volume.

r .
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Ventilation: Physiological process by which gas is renewed in the lungs. The word
ventilation·sometimes designates ventilatory flow rate (or ventilatory minute volume),
which is the product of the tidal volume multiplied by the ventilatory frequency.
Conditions usually are indicated as modifiers;· that is,

VE - Expired volume per minute (BTPS), and
VI - Inspired volume per minute (BTPS).

Ventilation often is referred to as IItotal ventilationII to distinguish it from "alveolar
ventilation. II (See ventilation, alveolar.)

Ventilation, alveolar (V p): Pp.ysiological process by which alveolar gas is removed _
completely and replaced with fresh gas. Alveolar ventilation is less than total
:ventilation because when a tidal volume of gas leaves the alveolar spaces, the last part
does not get expelled from the body but occupies the dead space,. to be reinspired with
the next inspiration. Thus the volume of alveolar gas actually expelled completely is
equal t9 the tidal volume minus the volume of the dead space. This truly complete
expiration volume times· the ventilatory frequency constitutes the alveolar ventilation.

. . ,

Ventilation, dead':space (VD): Ventilation per minute of the physiologic dead space (wasted
ventilatiqn), BTPS? defined.by the following equation:

VD ~ VE(PaCOZ - PECO-;)/(PaCOz - PPOz)

where VE is the expired volume per minute, PaCOZ is the partial pressure of arterial
carbon dioxide, PECOZ is the partial pressure of expired carbon dioxide, and PZC02 is
the partial pressure of inspired carbon dioxide.

Ventilation to perfusion ratio CV A/ Q): Ratio ofthe alveolar ventilation to the blood perfusion
volume flow through the pulmonary parenchyma. This ratio is a fundamental .
determinant of the oxygen and carbon dioxide pressure of the alveolar gas and of the
end-capillary blood. Throughout the lungs, the local ventilation/perfusion ratios vary,
a1J.d consequently the local alveolar gas and end-capillary blood compositions also, vary.

~'", . I ." ' '

Vital capacity (VC): The maximum volume of air exhaled from the point of maximum
inspiration.

Warbug partition coefficient (K): The carbon monoxide/oxygen ratio that produces 50%
inhibition of the oxygen uptake of the enzyme or, in the case of myoglobin, a 50%
decrease in the number of available oxygen-binding sites.
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